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(57) Abstract 

A stator construction for a permanent magnet rotor electrical machine (10) eliminates ferromagnetic teeth f^ 0 ™ 3 "^ us d 
and incorporates a winding support (30) made of non-magnetizable, non-conductive material and having radially outwardly ex- 
tending support fins (32) to support the stator windings (36). The windings (36) are formed of very many strands of fu i ly trans- 
posed and insulated fine wire and are continued to the outside of the stator as lead wires (48). Windings (36) for a P*™?** *L 
different phases are carried in the slots between the fins (32) and insulation strips (38) are provided which "P^ette pftase 
windings (36) in the slqts and which extend beyond the fins (32) to provide insulation between the end turns °J ^™~£3K 
windings (36) as well. To aid in assembly a flux collector (40) which is formed of many laminations (42) and which is gcncraHy 
cylindrical surrounding the windings (36), is split into two half cylindrical parts. A cylindrical insulating layer (41) is ^«P°*?J 
between the windings (36) and the flux collector (40). A housing (12) surrounding the stator includes connections (45, 46) to/ / 
mit flow of a liquid or gas cooling medium through and past the stator windings (36). 



* See back of page 
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TOOTHLESS STATOR CONSTRtJCTTON FOR ELEC TRICAL MACHINES 



BACKGROUND OF THF - INVENTION 

Field of the Invention - The present invention 
relates generally to the construction and configuration 
of a stator for electrical machines including both motors 
and generators, and more particularly to an improved 

5. stator construction utilizing a stator core in the" form 
of a cylindrical ring lacking inwardly projecting teeth 
made of a magnetizable material, with the windings of the 
stator being supported by a support structure made of 
non-magnetizable material effectively increasing the 

10 diameter of the magnetic air gap, the support structure 
and windings being enclosed in a concentrically arranged 
cylindrical flux collector of magnetic material, thereby 
providing a suitable stator structure for use with high 
magnetic energy permanent magnet rotors. 

IS m the design and construction of permanent magnet 

machines, there are two considerations which dictate the 
design of an a improved permanent magnet machine having 
great appeal to potential purchasers. These two factors 
are, first, the desire to minimize the cost of the 

20 machine, or to provide the most machine for the least 

money, and secondly to increase machine efficiency while 
reducing machine size by utilizing the ever increasing 
energy product permanent magnets. 

In application Serial No. 107,150 (common assignee) 

25 a stator construction is described which is relatively 

inexpensive to produce and which eliminates the usual T- 
shaped teeth extending radially inwardly. It may be 
appreciated that winding the stator windings onto the T- 
shaped teeth of the stator c re is a labor intensive, and 

30 hence expensive, process. 

In recent years, high nergy product permanent 
magnets representing significant energy increases over 
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previously known permanent magnets have become available. 
For example, samarium cobalt permanent magnets having an' 
energy product of 27 mega-gauss-oersted (MGO) have 
recently become available. In addition, neodymium-iron- 
boron magnets have recently become available which have 
an energy product of 35 MGO, and it appears that in the 
near future an energy product of at least 45 MGO will be 
achievable by advanced permanent magnets. 

A rotor making the maximum use of high energy 
product permanent magnets is disclosed in Assignee's 
United States Patent No. 4,667,123 issued May 19, 1987, 
entitled "Two Pole Permanent Magnet Rotor Construction 
for Toothless stator Electrical Machines", which patent 
specification is hereby incorporated herein by reference. 

Theoretically, the use of such high energy product 
permanent magnets should permit increasingly smaller 
machines to be built which will be capable of supplying 
increasingly high power outputs. However, for a 
particular power output a smaller machine would have 
approximately the same amount of losses as a larger 
machine, and since its size is smaller the losses per 
volume of machine would be higher, resulting in a high 
watts loss density. 

Such a high watts loss density would make direct 
winding cooling virtually mandatory in order to allow the 
smaller machine to operate on a continuous basis. The 
stator describe in application S.N. 107,150 does include 
provision for effective cooling by suitable liquids or 
gasses so that the high energy product permanent magnets 
may be used effectively it eliminates the teeth 
previously utilized in stator cores, and instead, uses a 
winding support structure made of non-magnetizable 
material in a cylindrical configuration with a plurality 
of radially outwardly extending, longitudinal support 
35 fins installed thereon, the support fins als being made 
of non-magnetizable material and pr f erably manufactured 
integrally with the cylindrical p rtion. 

The copper windings ar installed in the areas 
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between adjacent support fins on the winding support 
structure. Since the support fins and the winding 
support structure need not carry magnetic flux, they can 
be relatively thin, thereby maximizing the slot area in 

5 which the stator windings may be installed around the 

winding support structure. Since the support fins extend 
radially outwardly unlike the T-shaped teeth of a 
conventional stator core, the stator windings may be 
prewound on a form and easily dropped into the slots 

10 between the support fins. Also, the cylindrical portion 
of the winding support lends itself well to the creation 
of a bore seal and a channel through which a suitable 
liquid or gas coolant may be circulated. 

SUMMARY OF THE INVENTION 

The above described structure which appears in 

15 copending application S.N. 107,150, now U.S. Patent No. 
4,852,245, although providing a motor with satisfactory 
operation, proved to be somewhat more twice consuming to 
assemble then desirable. Applicants 1 have evolved a 
number of structural modifications which have contributed 

20 substantially to ease of assembly, hence lowered 

production costs. One problem area concerned placing the 
assembled stator structure within the cylindrical flux 
collector wherein the insulation on the stator winding 
and leads tended to be sufficiently bulJcy that it was 

25 difficult to get the stator assembly with leads and 

insulation through the cylindrical flux collector. This 
laminated structure has now been split into two half 
cylindrical units, with each lamination now being a semi- 
circular plate. The plates are now bonded together by 

30 means of a flexible adhesive or laser welded on the 
outside edges. It has been found that the very small 
additional air gap between the half-cylindrical sections 
created no operational problems. 

It was also found that the fine stranded wire used 

35 in the stator windings could effectively be extended to 
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be used as lead wires, thus eliminating the internal 
connections between stator windings and lead wires, in 
previous practice the lead wires were separately 
connected to the stator windings and separate insulation 
layers were wrapped around each lead wire, an arrangement 
which was both bulky and time consuming. A significant 
improvement made was in the configuration of insulation 
strips between the stator windings, which insulation is 
required since each slot between support fins carries 
windings to more than one phase. By forming these 
. insulation strips in the form of channels with integral 
strips extending substantially beyond the length of the 
stator fins, these strips became available to separate 
and insulate the end turn extensions of the various 
phases. The cumulative effect of these changes was to 
significantly reduce assembly time, hence cost, and to 
improve reliability because of the elimination of a 
number of separate small parts and hand operations. 



DESCRIPTION OF THE DRAWINGS 

Figure l is a cross-sectional view of a motor 
20 assembly according to our invention; 

Figure 2 is a cross-sectional view taken through 
line 2-2 of Figure 1; 

Figure 2.A is an enlarged portion of Figure 2 
showing additional detail of the insulation between phase 
25 windings in the slots; 

Figure 2B is a plan view of a pair of single half 
circular laminations of which the flux collector of 
Figures 1 and 2 is formed; 

Figure 3 .is a plan view of an insulation strip 
30 shown in section in Figure 2A; 

Figure 4 is a plan view of the opposite side of the 
insulation strip of Figure 3; 

Figure 5 is a partial perspective view of a p rtion 
of the motor of Figure 1, showing the end turn extensi ns 
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of the various phase windings separately wrapped with 
insulation. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to Figures 1 and 2 an electrical 
machine 10 is illustrated which has a housing 12. The 
5 housing 12 is essentially cylindrical, and has two end 
bells 14, 16, each of * which includes smaller concentric 
cylindrical bearing support areas 18, 20, respectively, 
located in their centers. The assembly consisting of the 
housing 12 and the end bells 14, 16 is sealed. A 
10 permanent magnet rotor 22 is supported within the housing 
12 on bearings 24, 26, which are mounted in the 
cylindrical bearing support areas 18, 20, respectively. 

A winding support structure 30 is illustrated in 
Figures 1 and 2, and is essentially cylindrical, with a 
15 plurality of longitudinally extending support fins 32 

extending radially outwardly from the cylindrical portion 
of the winding support structure 30, with slot areas 
located between adjacent support fins 32. In the 
preferred embodiment illustrated in the figures, the 
20 winding support structure 30 has thirty-six support fins 
32 mounted thereon, and hence thirty-six slot areas 
located between the support fins 32. It should be noted 
that the number of slot areas may vary as in conventional 
stators. The winding support structure 30 is made of 
25 non-magnetizable material, typically a high temperature 
engineering plastic such as po ly amide- imide, with the 
support fins 32 and the cylindrical portion of the 
winding support structure manufactured integrally. 

It may be noted from Figure 1 that the support fins 
30 32 are longitudinally mounted on the cylindrical portion 
of th winding support structure 30 intermediate the two 
ends, with portions at both ends f the cylindrical 
porti n of the winding support structure 30 not carrying 
th support fins 32. Hence, th cylindrical portion of 
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the winding support structure 30 is somewhat longer than 
the support fins 32, and extends from the support fins at 
both ends of the winding support structure 30. The ends 
of the winding support structure 30 not carrying the 
support fins 32 are where the interconnections between 
the portions of the stator windings 36 lying in the slot 
areas between the support fins 32 are made and where the 
lead wires are carried. 

The stator windings 36 may be prefabricated on 
forms, and then laid into the slot areas between the 
-support fins 32 on the winding support structure 30. The 
stator windings 36 will typically include two conductors 
installed into each slot area, * each of which conductors 
may have multiple turns, since the two sets of 
conductors installed into each slot are different phases, 
they are separated by insulating strips 38, as shown. 
(Fig. 2A) Both sides of strips 38 are shown in Figs. 3 
and 4. The insulation strips 38 extend beyond the ends 
of the support fins 32 and are wrapped around the end 
turns of the stator windings 36 to insulate the various 
phase windings from each other as shown in Figure 5. 

The stator windings 36, as stated above, are of 
substantially smaller diameter wire than in previous 
stator designs. For example, in a small 200 watt machine 
each of the conductors may, for example, be made up of 28 
fully transposed and insulated strands of #39 AWG wire. 
As another example, consider a large 5M watt machine 
which in each conductor may, for example, be made up of 
2,580 fully transposed and insulated strands of #31 AWG 
wire. As stated above, the purpose of using such fine 
fully transposed wire is that eddy currents and 
circulating currents are greatly reduced by using smaller 
size wires, an important consideration since all of the 
flux from the rotor will cut the wire in slot areas in a 
toothless stator d sign. Note also that the stator 
windings 36 ar shown in schematic rather than actual 
form in Figures l, 2, and 2A. . 

Once the stator windings 36 have been wound and are 



WO 91/01585 



PCT/US90/04033 



mounted in the slot areas around the winding support 
structure 30, a flux collector 4 0 made of magnetizable 
material such as electrical steel may be installed around 
the outer periphery of the winding support structure 30 
5 containing the stator windings 36. Since the flux 

collector 40 is made of magnetizable material which is 
typically conductive, a cylindrical insulating liner 41 
must be installed between the inner diameter of the flux 
collector 40 and the outer diameter of the winding 
10 support structure 3 0 carrying the stator windings 36. It 
. is important to note that since the winding support 
structure 3 0 is a non-conductor, the only insulators 
necessary are the insulating strips 38 and the insulating 
liner 41. The stator windings 36 need not be impregnated 
15 with varnish, and therefore may easily be cooled by 
flowing coolant through the stator windings 36. 

The flux collector 40 is preferably formed of a 
pair of half cylindrical members made up of a plurality 
of generally half circular f lux collector ring 
20 laminations 42 shown in plan view in Figure 2B. As 

assembled each flux collector lamination 42 is paired 
with another to form a thin cylindrical lamination with 
four raised portions 44 arranged around its outer 
periphery. The raised portions 44 function to support 
25 the flux collector ring 40 inside the housing 12 while 
allowing coolant to flow between the flux collector ring 
40 and the housing 12 ♦ Note that in smaller machines a 
ferrite core may be substituted for the laminated 
construction of the flux collector ring 40. 
30 The assembled split flux collector 40 is installed 

over the winding support structure 30 carrying the stator 
windings 3 6 with the insulating liner 41 therebetween, 
and the resulting assembly is then mounted inside the 
h using 12 as illustrated in Figures 1 and 2. Note that 
35 the inn r diameter of the ends of the cylindrical porti n 
of the winding support structure 30 are mounted in 
interfer nee fit fashi n around the uter diameter of the 
cylindrical bearing support areas 18, 20 at the ends f 
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the housing. A chamber or channel is thereby formed 
between the interior of the housing 12 and the outer 
surfaces of the winding support structure 30 through 
which coolant may be flowed. The housing has a coolant 
inlet channel 45 at one end of the housing, and a coolant 
outlet channel 46 at the other end of the housing, it 
may therefore be appreciated that coolant may be flowed 
into the housing 12 through the coolant inlet channel 45, 
through the unvarnished stator windings 36 and around the 
flux collector ring 40, and out of the housing 12 through 
- the coolant outlet channel 46 to cool the stator assembly 
of the machine 10. An additional aperture 47 in the 
housing 12 is used to bring the winding leads 48 from the 
stator windings 36 through the housing 12, which aperture 
47 is sealed to prevent coolant leaks. 

An electrical machine built according to the 
present invention includes the operation of and cost 
advantages described in copending application S.N. 
107,150 while effecting further cost reductions by 
enhancing cost of assembly while at the same time 
providing some improvements in long term reliability. 
The improvements in insulation structure also aid and 
enhance cooling by reducing bulk, particularly near the 
coolant outlet passage. The teachings of the present 
invention are obviously useful for machines of different 
sizes, power capability and phase structure as will be 
appreciated by those skilled in the art. 
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What is claimed is: 

* 

1. A stator for a permanent magnet electrical 
machine (10) , comprising 

a winding support structure (30) made of non- 
magnetizable, non-conductive material, said winding 
5 support structure (30) having a cylindrical portion with a 
plurality of longitudinal support fins (32) which extend 
radially outwardly from said cylindrical portion, said 
support fins (32) providing therebetween a plurality of 
slot areas; 

10 stator windings (36) laid into said slot areas 

between said support fins (32) including conductors formed 
of fully transposed and insulated fine stranded wire to 
minimize eddy currents and circulating currents, said 
conductors serving also as lead wires to said stator 

15 windings (36) ; and 

a substantially cylindrical flux collector ring 
(40) made of ferromagnetic material and mounted around the 
outer periphery of said winding support structure (30) , 
said flux collector ring (40) being split longitudinally 
20 into two half cylindrical sections, said flux collector 
ring (40) thereby extending around the outermost edges of 
said support fins (32) . 

2. A stator as defined in Claim l, wherein said 
25 split flux collector ring (40) comprises a plurality of 

semi-circular flux collector laminations (42) . 

3. A stator as defined in Claim 2, wherein said 
30 laminations (42) are bonded together. 



35 



4. A stator as defined in Claim 1, wherein said 
flux collector ring (40) includes end laminations of a 
non-magnetizable, non -conductive material. 



5. A stat r as defined in Claim 1, wherein said 
40 stat r windings (36) have insulation strips (38) install d 
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between different phase conductors installed in the same 
slot areas, said insulation strips (38) including 
elongated center sections formed into channels located in 
said slot areas and end extensions extending beyond said 
slot areas for insulating and separating end turn 
extensions of different phase windings of said stator 
windings (36) . 

6. A method of making a stator for a permanent 
magnet electrical machine (10) , comprising: 

providing a winding support structure (30) made of 
non-magnetizable, non-conductive material, said winding 
support structure (30) having a cylindrical portion with a 
plurality of longitudinal support fins (32) which extend 
radially outwardly from said cylindrical portion, said 
support fins (32) providing therebetween a plurality of 
slot areas; 

installing insulated and transposed finely stranded 
stator windings (36) into said slot areas between said 
support fins (32) and continuing said windings without 
internal connections to serve as lead wires; 

forming a plurality of semi-circular laminations 
(42) of ferromagnetic material into two half -cylindrical 
flux collector members; and 

mounting said flux collector members around the 
25 outer periphery of said winding support structure (30) 
forming a flux collector ring (40) , said collector ring 
(40) thereby extending around the outer edges of said 
support fins (32) . 

7. A method of making a stator for a permanent 
magnet electrical machine (10) as defined in Claim 6 
including arranging said windings with different phase 
windings (36) in the same slot areas, 

installing insulation strips (38) between said 
different phase conductors, said strips including 
35 extensions extending axially beyond said slot areas, and 
arranging said xtensi ns ar und the end turns f 
said windings (36) to separat the nd turns of said 
different phase windings (36) . ' <■ 
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